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CHAPTER I 
STATEMENT OF PROBLEM 
I [Purpose of Investigation. Diffraction phenomena have been 
~ . jlstudied usually with the assumption that the diameter of the 
1
1
aperture and other distances involved are large with respect to 
the wavelength. Bethe has evolved a method(l)which deals with 
,lthe case of a circular aperture in an infinite screen when the 
i.perture is small with respect to the w~velength. The object of 
jthis study is to appl¥ B~the 1 s theory to the case of a plane 
I 
1
incident wave and to compare qualitatively the intensities of 
I' he diffracted field on the basis of this theory with the experi~l 
mental results obtained by Andrews( 2 ). The latter employed 
I 
,microwaves of 12.8 em length and apertures with dimensions com-~ ara.ble to the wavelength. 
iiKir chhoff 1 a Formulation of Huygena' Principle • ( 3 )The diffraction 
due to a circular aperture can be studied by means of Kirchhoff's 
I formula which is based on Huygens :.: principle, that is, the dis- 1 
1
turbance due to secondary wavelets in the plane of the aperture 
I l is added up to give the total disturbance at a field point. 
!Kirchhoff's formula is as follows 
J (x,y,z) = ~ ([ .iE e-i!r (1-cose) 4iT~ /\ f -i<p ] i ef~ cose de. (1} 
where f is the distance from the element of area da to the field 
point, f is the phase difference between the element de. and the 
(1) Bethe, H. A., Phys. Rev. 66, · 163, 1944 
(2) Andrews, · c.L., Phys~ Rev.~1, 777, 1947 
(3) Born, M., "Optik"·, P• 147 -=-151 
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element at the foot of the perpendicular from the point P to the 
I 
aperture; e is the obliquity. This formula is based on the fact 1 
that a disturbance which obeys a wave equation of the form 
'\7~;:-..!... ~ : 4 iTg(x' .y' .z') (2) 
_) '\rll d t. ~ ~ ~ 
produces a disturbance at a field point (x,y,z) in a region 
where there is no source given by 
J (x,y,z) : hL[F * -~~ ( ~)] da (3) 
1That is, the disturbance at a field point can be determined if 
and ;~ are specified over the boundary surface s. 
The assumptions made in Kirchhoff's treatment are then 1 
. . 
( 1) j : 0 1 i~ . = 0 everywhere except over the surface of the 
aperture; 
(2) over the surface of the aperture 1 the field is identical 
I 
I 
I 
with the field of the unperturbed incident radiation; 
(3) over the surface of the opening, the intensity of the radia-; 
tion is constant, the phase is constant, and the polariza -
tion is constant; 
(4) no attempt is made to satisfy Maxwell's equations; that is, 
the continuity co~ditions . for the field vectors are not 
satisfied at the edge of the aperture and on the sides of 
the screen. 
Diffraction is, thus, treated as a purely scalar phenomenon. 
Lommel(l) has applied Kirchhoff's formula neglecting 
the obliquity factor to the Fresnel diffraction by a circular II 
aperture when the distances involved are large with respect to '/ 
(1) Gray and Mathews, "Treatise on Bessel Functions", Chapt. 14 
'I 
'I 
-3-
I! the wavelength and finds that the maxima and minima occur in 
1 
I 
11 circular fringes in planes parallel to the plane of the aperture. 
!Rigorous Formulation of the Diffraction Problem. An example of I 
a rigorous treatment of a diffraction problem is Mie 'a ( l) treat- '1 
ment of the diffraction of plane, linearly polarized radiat i on 
by a conducting sphere immersed in an i sotropic, nonconducting 
medium. The underl:ring prlnciple is to introduce curvelinear 
coordinates, in this case spherical coordinates, such that the 
surfaces at which the field vectors have to satisfy the continui j 
ty conditions are at the same time coordinate surfaces. It is 1 
found, then, that there are three waves: the in~ident wave, the l 
I 
wave inside the sphere, and a diffracted wave. None of the 
It seems impossible to apply this rigorous method to 
I 
I 
I the case of an infinite conducting screen with a circular 
aperture. If one chooses rectangular coordinates, it is exceed- 1 
j ingly difficult to express the fact that the field vectors have 
to satisfy certain continuity conditions at the circumference of l 
the aperture. 
II 
On the other hand, if chooses spherical coordinates one 
I 
as in Fig. 1 with the or~gin at the center of the aperture, then II 
it becomes almost a necessity to neglect the thickness of the 
screen, so that E~ and H9 are continuous at the edge of the 
aperture when e However, it is physically not admissable 
(1) Born, ibid. p. 274 ff. 
Fig. 1 
y -4-
Spherical coordinates as used by M1e in his 
theory of the diffraction by a sphere, applied 
to a circular aperture. 
Moreover, additional 
continuity conditions will have to be satisfied by Er and Hr at 
the sides of the screen which cannot be formulated in a definite ~! 
manner in spherical coordinates, as none of the coordinates are 
constant along the screen except a. 
In cylindrical coordinates the thickness of the screen ! 
I 
would again cause difficulties. 
Apparently, Bethe realized that the above approach is 1 
not workable and his method, which constitutes an approximation, 
is described in the following chapter. 
CHAPTER II 
BETHE 1S THEORY OF DIFFRACTION BY SMALL HOLES 
Assumptions. Bethe assumes that the infinite screen lies in the 
- plane. Radiation is incident from the left. The x-axis is 
1 . p ( FIELO POINT) t~ Sov"ce -- -...X 
Fig. 2 The relation of r and r' with respect to the 
screen and the x-axis. 
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normal to the screen and directed to the right. These relationa l 
are shown in Fig. 2. The screen is assumed to be a perfect 
conductor. 
Bethe uses the same notation as Stratton(l) throughout! 
except that (a) he uses Gaussian units, while Stratton employs 
the M.K.s. system; (b) the sign of the normal n is reversed; 
(c) grad r is taken with respect to the field point instead of 
with respect to the coordinates of the element of integration : 
and will be denoted by~r; (d) Stratton's r becomes Bathe's f. 
Bethe assumes that the field on the left-hand side of l 
the screen is H0 , E0 , which satisfies the boundary conditions 
for x • 0, that is 
Ho .n = n x E0 : 0 ( 4) 
as the screen is a perfect conductor. The normal component of 
E0 and the tangential component of H0 are in general different 
from zero. In the hole, Eotan and H0 n are not zero; therefore 
the actual field is written as 
E 
- Eo + El H - Ho + Hl for X <.0 
- (5) 
E 
- E2 H - H2 for x~O 
-
The boundary conditions are then 
Eltan - E2tan in the hole (6) 
-
Eltan e E2tan - 0 for x : 0 outside the hole (7) 
H2tan - Hltan - Hot an in the hole (8) 
-
The boundary conditions for the normal components are satisfied 
if the conditions for the tangential components are satisfied. 
Stratton, 
I 
I 
I 
lrf E2 satisfies (7) and for x>O and any y and z 
I 
I 
lthe,n 
'I 
II 
H1y(-x,y,z) 
E1yC-x,y,z) : 
= - H2y(x,y,z) 
E2y(x,y,z) 
(6) will be satisfied and 
E1x(-x,y,z) : - E2x(x,y,z) 
-6-
(9) 
I 
(9al ! 
(9b) i 
!i 
The relations (9) are consistent with :Maxwell's equations as 
1
will be shown below. 
I 
We have 
where 
Also 
i j k 
vxE: d a ~ 
W~Tz 
Ex Ey Ez 
_ -[ dElz_ dElxJ_ 
- d·Xl dZ -
jxll = jx2j 
;) E . dE 
- ax1 = ax2 
Then using (9) + tE2z+ ~ = 
x 1 oz 
~ JHly 
c rr-
1:: ;)H2y 
c dt 
and E2z = Elz E2x = ~ Elx 
We have now by means of (8) and (9) 
H2tan = ! Hotan in the hole 
and using (9b) 
E2x - ! Eox in the hole 
-
E2 .and H2 have to be determined such that the conditions 
are satisfied. It is assumed that the hole has a radius 
(10) ! 
(lOa)l 
c1o> I 
a which ' 
I 
lis small with respect to the wavelength, so that Hoy, Hoz, E0 x 
-7-
I' 
1ja.re constant over t he hole. That this is permissa.ble is shown 
/below. For a. plane wave the field vectors are of the form 
and 
If A is large 
-:i.(wt-K.r) E = E e 
E is constant. 
The Vector Analo e of Green's Theorem. If P and Q are two 
vector functions of position which together with their first 
second derivatives are cont~nuous throughout a. volume V and 
the surface S bounding the volume, then it is shown that(l) 
and '! 
on j 
{(Q:.vxvxP- P.vxvxQ:) dv : -1 (Pxv><Q: - Q:xvxP).n da (11 ~ 
If the field vectors cont'ain the time only as a . factor e(-iwt), 
1 
then Maxwell's equations can be written as follows( 2 ) in Gaussian 
I 
nits 
'i7 X H + ik € E = 
v • H • 
41T J/c 
4iT r*1?-
4lff/E: 
where J* and f * are fictitious magnetic current and magnetic 
charge densities, w /c = k and <:: = ,#- = c = 1. 
currents and charges obey continuity equations 
V • J = - ~ • iw f 
Both types of 
I 
I 
(12) I 
(13) 
(14) 
(15) ' 
'I 
:I 
(16) 1 
ds * 
V • J* : - * : iW f ~ 
If in equation ( 11) we let P = E, Q. = 'a, where <p 
, c 17 > I 
= eikr ' /r ' ' I 
I 
I 
a is a unit vect~r in an arbitrary direction, and r : is the 
Stratton, ibid, p. 250 
(2) Stratton, Ibid, p. 464 ff. 
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lradius vector to the point<· (x · ,y ' ,z ), it is found that a drops 
lout as a common factor to all terms. The singularity at r = 0 
1
1
1s dealt wi th in the usual manner by circumscribing a sphere of 
,radius ri about this point. Using n in Stratton's sense, it is 
I 
j f~und then that at any interior point of a volume V the field 
!vectors are given by . 
1 E(x,y,z) = ~11 UI4~kt- J'f i ~ J*" v'.p - ~"J""o/] dv 
+ -lrr L [ - ik r ( n X H) <p + ( n X E) X .v~ + ( n. E) vo/] da 
H(x,y,z) = lnfv [ i4~k< J*'f - !" Jxv~ - ~ p*vlr] dv 
+ 1_ ( [ikE ( n x E >r + ( n x H) x v~ + ( n ·H) v'r] da 4u) .s 
c 18) I 
I 
(19) 
integrals converge also when the .point , of .observation 
lies on the surface s. 
In a region where there are no volume currents or l 
charges, the volume integrals reduce to zero. Also, all real 
\charge systems are contained within a volume v1 of finite extent I 
1
and their fields are regular at infinity. (l) Therefore equations 
(18) and (19) may be applied to the volume v2 which is bounded 
y S and a surface which recedes to infinity where the surface 
integral vanishes. The direction of the normal is now from v2 
nto v1 • We then obtain the equations used by Bethe 
E(r) = iwi{ ik~[n x H(r' >]cr -[n )( E(r' >]x v~ -[n•E(r')Jvrfda (20) 
I H(r) :: ~i{-ikE[n x E(r 1 Dr -[n x H(r• l]nrl, -[n•H(r• >}fjda (21) 
f it is assumed that the field is due to volume and surface 
then it can be seen from (18) and (19) that 
- TI(n x H) : K 
II 
- i[:;- (n 1r •E) =1 
where K is an electric . surface 
c 
4j 
-
/-:!: 
41f 
current 
(n x E) : K* 
(n • H) • "1* 
density, K* is a 
-9- I I 
I 
(22) 1 
I 
I 
magnetic I 
surface current density, , is an electric surface charge density ~ 
'1*. is a magnetic surface charge density. In (22) n is directed , 
in Stratton's sense, that is outward from the region containing 
the charge. and ~* satisfy a continuity 
Jn* 
v • K* : - ~ : ik1* 
relation 
Suppose we want to find the electric field at a point r on the 
screen. We have 
ikr ~ V'f (r · ) : (1/r r - ik) e r 0/r - (24) ,1 
where r : is a unit vector along r ; . 
0 
Therefore, VCf is a vector 1 
in the plane of the hole. Also n x E and n x H are in the plane 
of the hole. But at the boundary of a perfect conductor and a 
dielectric 
Etan = 0 
I 
II 
I 
and hence E(r) in the plane of the hole must be zero. Only the ' 
second term in (20) reduces to zero while the other two violate 
the boundary conditions. 
Instead of assuming that 4rr (nxE) corresponds to a 
magnetic surface current density K~, Bethe now proceeds by 
assuming that there is a magnetic surface · current density K* ,j 
which causes the discontinuity of Etan and determines it in such , 
a way that the conditions (10) are satisfied. 
-10-
Derivation of Integral Equations for the Field Vectors in Ter~ 
lof K* and,*. It is to be remembered that the discussion which 
1follows applies in the plane of the aperture. If volume currents 
land charges are not present, it is seen from (15) that 
I 
[Then we can write 
ll and as 
II V X (H - s_ c 
V • E: 0 
E ;:V)(F (25) 
'V X H E dE 
= c dt 
~) 
-
0 dt -
1
Therefore (H -o/c ~~)is derivable from the gradient of a scalar 
function and 
(26) 
Now if a scalar function obeys a wave equation of the form 
~,? I JJ 
\1...) - 1J' d tot = - g(x' ,y' ,z' ,t') 
!~ then according to Kirchhoff's method of integration taking into I! . . . 
'! account the retardation, . at a point of observation (x 1 y 1 z) within 
ia volume v,_j will be given by(l) ikr ; I 
li J (x,y,z,t) ~ ~ ( ~ g(x' ,y' ,z' ,t- f. )dv (27) 
<z 1f Jv r · ,-
,lwhen there are no sources outside V and where eikr /'r : • Cf is 
1the Green function. From equations (25), (12) 1 and (26) it 
follows that 
II 
I 
I 
Now 
v )( E = 'V><'\IX F = - .i[ J* 
c 
= - 4if J* 
c 
v>< 'V x = v 'V. - v2 
(1) Stratton • 424 
_p--JH 
- c Jt . 
.u.c::- ~F ,(,.&.- J - /~ - /-- Vlf 
c dt c Jt 
I 
I' 
-11-
lsubstituting this, interchanging the operator 5t and grad, and 
collecting terms, we have 
'Y ( V • F + ):: ll; ) - v~F 
c Jt 
4iT ~Ed~ 
= - c-J* - ~ rr~ I I 
1
we then impose a condition similar to the Lorentz condition whic~ 
I 
I, 
II 
d 
is usually assumed to hold far the vector potential end scalar 
potential associated with E, that is we have in the present case 
'<"'?·F .. At~- 0 
v c Jt -
Then F is found to satisfy the wave equation 
.l ).t~ aF 4 iT J* 
'V F - C2 Jt:~. : c (28) 
It can be shown that it is always permissable to postulate a 
Lorentz condition. If we put 
F : F' + v_f 
r = "' 
I t ff 
- c t 
where J is an arbitrary scalar function, then F' and 'f'1 satisfy 
Maxwell's relations and leave the field unchanged. Then,if F 
and 'f' are to satisfy the Lorentz conditi-on, it appears that j 
satisfies a wave equation of the form 
v~f.- )::;;!.1 - -
_j c2~t.t. 
J I . 
(v • F'+~~·~ ~ o 
c dt + 
which usually has a solution. . By means of (27) a rectangular 
componen t of F is given by 
F j = - ~{cr fr1J dv 
When the volume shrinks to a surface this reduces to 
F j : - ~if [Kj] da 
s 
where quantities in square brackets denote retarded values. 
-12- '~ 
IJ instead of evaluating the disturbance at a. time t- f/v-, we may 
!! evaluate it at f = lr - r'l • The retarded value of 'f is written 
!as ['1]• Then we obtain Bethe's equation 
I F(r) : - ! { K*(r• l[cr] da (a<;~) I 
II s 
!. Also, from (26) and (14) wee h~ve 
411 
'V • . H : :C d-E' v. F . - 'V 2lf' : r f * 
and if v • F - 0, this becomes 
'V 2 'jl = - -T f* 
This is a Poisson's equation the solution of which is 
(30) '! 
·I 
f (x,y, z) : - in{ e~kr ' [v<r] dv 
when the charges o~tside V are zero. After passing to the sur-
face integral and expressing the retardation by lr - r'l rather 
than by t- fAr , we obtain I 
'( (r) : J:i "'* ['f] da . I (31) I 
Substituting (29) and (31) into (26) and remembering that the I 
gradient in (26) is taken with respect to (x,y, z.), we obtain 
Hj =-~hi K~ [cp] da - vj ~ ('1* [r] da 
C S J · I ~ 
If "'?* is constant throughout the hole and 
K* : IK*I e -i (8 t 
then H : i{ ~ ~· K*&] - ;_ '1* v •&J }da 
here 'V'~] is given by (24} when lr r 1lis substituted .for r : . 
s W/c = k, we have 
H(r) : H i~o: K*(r• l&] - J.-.r<r•) v •&] J da (32) ' 
-13-
Similarly, by means of (25) and (29), if K* is constant in the 
I 
I hole E a '\')(F " - ~L v'x K*&J da " -tLv~J x K* d& I 
or E(r) : !J K*(r') x v•frJ da (33) 1 
f If' K* and"'* are constant in the hole as assumed, the Green 11 
I function might have been taken as eikp /f without changing ( 32), 
and (33). 
Determination of the Surface Charge which gives rise to Htan 
J by Means of the Boundary Condi tiona. 
fvv • K* dv = L K* 
that 
From the equation 
• n da = I ik "1* dv 
it can be seen 
K*-< ik '1* v /S o< I k?J* Si I 
Also, from {24) when ik is small 
(34) 
vr = l'f/al (35) 
Hence the first term in (32) is Erk2 ">7* a 2 cr ltYJ*f c = _!_(ka) 2 
c 
times the second term, and if ka<< 1, we can neglect it. This 
amonnts to e JF neglecting 0 at in (26) and we have 
H = -: Y''f 
If t he hole is small we can neglect the retardation so that 
jr - r'/ = o. Then (31) becomes 
'Y (r) =)i"l* 
We also have from (36) 
da 
lr-r'l 
(36) 
(37). 
1 or 
d 'f'(r) = ~'f' • dr c - H•dr 
f (r) : - ~ H0 • r (38) 
II 
by means of (10). 
I 
I 
I' 
II 
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A two- dimensional charge distribution which gives a 
constant field H0 can be considered as the limiting case of a 
uniform distribution of dipoles in an ellipsoid where the :dipolef 
have the same direction as the field. We may assume the semi-
axes of the ellipsoid to be a,a,h wh~re h is along the x-axis 
and vanishingly smal:L• Bethe assumes that the surface density 
of dipoles is proportional to the ordinate of the ellipsoid 
1:. ~ =-= (a2 _ rt2pa (39} I 
'I Then the dipole moment may be considered to be proportional 
In the electrostatic case the bound volume charge 
density equals the negat~ve of the divergence of the polariza-
tion or dipole moment per unit volume. Here we have only 
magnetic surface char$es, as it was seen that only the second 
term in ( 20) satisfies the boundary conditions. Therefore, by 
- . . 
I 
I 
I 
I 
I 
I 
analogy with the electrostatic case, the magnetic surface charge l 
density is given by 
but ~*-[ -~· H0J 
Therefore, if we neglect volume charges 
Then 
'1*.- [ -~ • Ho]-
= - c (a2 
r'Ho 
where the coefficient C is to be determined. 
I 
(4oJ I 
(41) 
In (41) we introduce the coordinates f = Jr-r'l ; (3) the I 
1 
angle between the vector f r 1-r J and r; o{., the angle between 
" II -15-
r and H0 • P is the point of observation, 0 is the center of the ! 
hole 1 RS is any chord through P1 T is a point r' on this chord, 
Q is the midpoint of the chord whose length is 2s (see Fig. 3). 
Fig. 3 
R 
Coordinate system in plane of aperture adopted 
to effect the integration of equation (37) 
Considering P as the origin 1 by drawing all possible 
chords through P, (3 varies from- ii to + rr. By sliding T along 
the chord for a constantf, x .= QT assumes values from -s to +s· l 
As xis a function of (3 ;,by (44), the integration with respect to 1 
f has to be performed first. The element of area equals 
da = f J.f J..(3 
Substituting (41) into (37) 
l~Ti)f(fl) 
and noting (38) 1 we obtain 
1 dp 
- C ~ k Ho • r 0 f 0 (a2 - r '2) 2 [ r + H0 f cos (a... -~ il = t H0 •r 
We have 
a2 - r'2 = a2 - OQ_2 
X = QT = f + Q.P = p 
Substituting (43) and (44) into (42) 
integrations and solving for C yields 
c- L 
' - . 'jj:t 
_ Q_T2 = s2 
- x2 
r r cos(3 
and performing the 
I 
(42) 
(43) 
(44): 
various 
(45l 
The assumption (41), therefore, actually solves the integral 
1
equation (37) and we have 
I 
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* - - A- H .r' 
"'7- --t(2 21 0 
'' a - r' ) 2 
(46) 
Then 
K* : irr~e- (a 2 - r ' 2) ~ H0 (47) I 
·' which lie~. entirely in the plane of the hole as it should. 
Determination of Surface Charge which gives Rise to En by Means 
of the Boundary Conditions. The next step is to determine the 
magnetic current density~ which satisfies the boundary condi-
tions for En; however 1 this additional current distribution must 
Jnot give rise to an additional magnetic charge density ~* which 
I 
would upset the result obtained for Htan• This can be achieved 1 
by letting 
V·K~:O 
Using (25) 1 (29), and (lOa), we obtain 
j; F = 4 E0 x r 
An integral equation similar to 
l ( ~ dy' dz' 
c ~ -"Ey lr - r 'I 
and by analogy with {46) 
and 
(37) is obtained 
(48) 
(49) 
(50} 
As E0 is normal to the screen~ ~ lies entirely in the plane of 
the screen as it should. T~e contribution of ~ to the first 
· term of (32) can be shown to be of order (ka) 2 and negligible. 
The total magnetic surface current density is, there-
lfore, the sum of (47) and (50) 
-17-
K* - K t KE -- ikLl( a. -r 1 ) 2 H0 t I r '-"E ·:to * I { 2 2 ],_ C J 
- H -not 1 2 (a2-rt2)2 o (51) 
The magnetic surface charge density is given by (46) and remains 1 
unchanged by assumption. 
The Diffracted Field. In order to calculate the field vectors 
E1 H1 of the diffracted field we :must substitute (51) and (46) 
into (32) and (33). 
If K is a unit vector along the direction of propaga-
tion of the diffracted .wave 1 then at large distances from the . 
hole where kr>>l we have from (24) 
(52) I 
ccording to Bethe 1 in some integrals we may use for [cf] its value ! 
when r' = 0 1 or 
(53} 
r 
lin other cases 1 when the integral contains r 1 1 we have to expand j 
[ 'f J in powers of r' and keep the linear terl:ll1 ' ·or 
: Po ( 1 - ik K •r 1 ) (54) 
It is found then that 
E(r) : ~ii k2 a 3 f., [f..~K JC 2 H0 ) + c 11' x (E0 X' K J 
R(r) = - Jn k 2 a.3ro[ 2'f H0 - ;.K H0 • K -€ lfx E0 ] 
It has to be remembered here that. : = : J-2 = l .I 
in the symmetrical Gaussian system. We then can write the ex-
pressions for E{r) and H(r) in the form given by Bethe, 
E(r) = -h,- k2 a 3r.,[ (k" >< 2H0 ) ... I<K (E0 x K >] 
H ( r ) : - irr k~ a 3 fJ I( >< ( 2H0 >< K ) - I( x E0 ] 
(55) I 
(56) 
'I 
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!The Case of a Plane Incident_ Wave. The case of an incident plan~ 
wave is relatively simple. Two cases must be distinguished 
~ (a) when the E-vector . is parallel to the plane of incidence 
and (b) when the E-vector is perpendicular to the plane of in-
cidence. The plane of incidence is the plane including the 
direction of propagation of the incident radiation and the 
\normal to the screen, and is chosen to lie in the XY-plane. 
1 If Ki is a unit vector in the direction of propagation 
king an angle of -8-- with the x-axis 1 then we have for the 
incident wave 
Hi a ~ix Ei (57) 
I 
In case (a) 1 has the components (cos -J-, sin,J--, 0); Ei has the 
components Ei(-sinJ;-cosJ;o) and Hi has the components Ei(O,O,l).l 
Taking account of reflection and remembering that only the 
~ormal component of Ei corresponds to an unperturbed wave 
E0 : - 2 Ei(sin~O,O) 
and 
In case (b) Ei has no normal component so that E0n = o. The 
tangential component of Hi lies along the y-axis and equals 
Hi tan = Hi -cos ri}-
Whis tangential component is doubled upon reflection so that 
-Ho = 2 Hitan 
(58) I 
I 
I 
(59) 
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CHAPTER III 
DETAILED CALCULATION OF THE DIFFRACTED FIELD OF A PLANE WAVE 
AND QUALITATIVE COMPARISON WITH EXPERIMENTAL RESULTS 
The Components of the E-Vector in the Diffracted Field of a 
!Plane Wave. In agreement with Bethe, the coordinate system 
. shown in Fig. 4 is adopted. The normal to the screen, n, lies 
x "'l'l 
Kt 
y 
....._ I 
'..J 
Fig. 4 Coordinate system used for specifying 
the diffracted field 
along the x-axis. If the plane of incidence is the XY-plane, 
.lies along the z-axis. (3 is the angle between n x K and n x Ki. 
n x K is perpendicular to the plane of K and n. It is to be 
noted that for a certain azimuth plane, the values of~ on 
either side of the x-axis differ by 180°. The equations of 
ransformation are 
X : r COS e 
y : r Sin e COS (3 
z : r s in9 sin (3 
( 60) 11 
I 
A measure of the polarization of the diffracted wave 
s the relative intensity associated with the 8- component Ee ~ nd ~- component Ef of the electric intensity, assuming that 
these comoonents can be det 
order to obtain these components, we project E as given in 
(55) on the unit vectors in thee-:- andf-~irection. It then 
ecomes necessary to know the r;e;f -components of H0 and E0 • 
,e,~ form a right-handed system so that 
K )( ie : if3 
ie , i(3 : K (61) ! 
II if3 )( K : . ie 
We also have the following relations which give the components 
of a vector in spherical coordinates when the rectangular com-
onents are known 
Ar =LAx~~ 
. )( 
I 
Ap : r sin8L f'i Ax (62 j 
X 
here 
r Je rsine;rx - - sinB - 0 Tx - -
r .)e 
- cosfcose r sin6~ - - sinp Ty - -
r ae 
-
cos8sin(3 r sinf> £ 
-
cos(3 oz az, -
e then have by means of (55) in the general case 
E(3 : E•i,e : ~ k2a3cpJ i(1•K~e2H~ + ~ •Kx (E0xK)J 
: i"rr k 2a3<fa( i 8 • 2H0 + iB • E 0 )(' &'( J 
= lrr k2a3r., [ ie. 2Ho + Eo. if3J 
EA ..L k2a3m [ 2r(~ H t ae H0 z) - r sin0 Eo .M] 1- • 3 'IT Jo 'dy oy () Z oX or 
Similarly 
E 6 : E• i 6 : irr k2a~<fo [ 16 • K >< 2H0 + i 0 • ~ x (E0 x k >] 
= irr k2a3fo[ - if3. 2Ho - if3. Eo>< K] 
= i1i ~2a3f .. [ ~ 1(3 • 2H0 ~ E0 • ie] 
(63) 
(64) 1 
I 
I 
I 
.' 
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or 
As a check 
Er: i"rr k 2a3cro[K· (K'lC2H0 ) f-K•K'C (E0 xK)J : o (66) 
Plane Wave with E1 Parallel to Plane of Incidence. We see from 
(58) that Ho has no y-component. Substituting (58) and (63) 
into (64) and (65) we have 
Et1 : k k 2a3f., 4Ei [cos G sin (3] ( 67) 
Ee : i"rr k 2a3t [-4Ei cosf + 2sine Ei sin iJ-] ( 68) 
I 
Calling the intensities associated withE~ and E6 , respectively, , 
I 1 and r 2 , we have as 
I - c E( )2 
- 4ii r 
numerical value of the Poynting vector 
Il - 16c ij a 6 4E? [4 cos2f> sin2 a] 
- 36 :X'*r2 l r· 
where I is the 
16c ii a6 4E2i [ 4 I2 = 36 ~,.r2 cos2f + . sin2 6 sin2 -8" 
- 4 sine sin~cos~] 
Therefore, the 
I 16cii a 6 
= 36 >..,.r2 
total intensity eq~als 
4EI [ 4 c 1 - sin 2 e sin 2f3 > .. sin 2e sin 2 ,_. 
- 4sine sin7Tcosf] 
(70) and {71) can be written as 
_ 16c ii a6 4E2 
Il - 36 ),¥ r2 i il 
16c rr a 6 4E2 
I2 : 36 A.,. r2 i i2 
(69) 
(70) 
(71} 
(72) 
(73) 
i 1 and i 2 have been tabulated for different azimuth planes in 
lf able I-A and i'or constant 9 in Table I-B. Five aignif'icant 
I 
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1 figures should be amply sufficient as the coefficient of ~l and 
i 2 in (73) can hardly be ~own to mor~ than five figures. The 
percentage polarization is given by 
100 il - i.z % p = il + i2 
The unpolarized radiation is given by 
-
-
for i 2 < i 1 
for i 2 > i 1 
(74) 
(75) 
Figures 5 to 9 show the different types of radiation patterns. 
Plane Wave with Ei Perpendicular to Plane of Incidence 
Substituting {59) into (64) and (65) we obtain 
E(3 1 _k2a3f .. [ 4Hi cos~eos(3 cos 0} =mr 
Ee 
1 k2 a3f .. [ 4Hi cos-t sinf] --
- 3lf' 
Then 16c il a6 4EI [ 4cos2,1-cos2f cos2e] Il - 36 :X'*" r 2 - (76) 
I2 
l6ciTa6 4EI [ ~cos2~ sin2f3] = 36 >."~ r2 (77) I 
I 
and the total intensity equals 
I " ~:c~~ :: 4E! [ 4cos2-J- (cos ';a cos2e + sin2p >] (78 ) 
The Tables II-A and II-B are similar to those for the previous 
case. Figures 10 to 14 are appended. 
Andrew$~ Measurements.{l) By means of a parabolic reflector 
Andrews let microwaves of 12.8 em wavelength i mpinge normally 
on the aperture in a metal screen. The oscillator consisted of 
( 1) Andrews·, C .L., Phy~. Rev. 71, 777, 1947 
II 
I 
I 
II 
II 
1: 
I 
I .\ 
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I two coupled coaxial resonant cavities. The parabolic reflector 
CIIYSTI'Il I)ETECTOI\ 
Fig. 16 Probe used in Andrewk? measurements 
1 A calibration of the crystal and the meter showed that the 
I current through the crystal was proportional to the square of 
' . . 
I 
I 
the potential across it and, therefore, to the received power 
and to the intensity of the radiation near the dipole. Both the[ 
·dipole of the transmitter and of the receiver could be rotated 
to the vertical and to the horizontal plane. When they were 
vertical, the diffraction pattern in the H-plane could be 
measured; when they were horizontal, the diffraction pattern 
in the E-plane could measured. Measurements were made 
I 
I 
1
1 
(a) in the plane of the aperture 
(b) a.t distances from 0 to 1.00 ~ from the aperture along linea j 
,I parallel te the aperture, with a diaphragm diameter o:f 
I 
I 
II 
'I 
I 
I 
1 
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lA, 2:X, 3>t. 
II 
I 
(c) along the axis of the aperture at different distances from I 
I 
the aperture. I 
It was found that the diffraction pattern is II sharpest 
Kirchhoff'J 
'I 
the plane of the aperture contrary to Fresnel's or 
theory. The position of the maxima and minima along the axis 
agreed with Fresnel's zone theory, with the minima corresponding ,! 
to an even number of Fresnel zones. 
I 
An oscillating dipole produces linearly polarized light 1 
(l)and, therefo~e, a certain qualitative comparison should be 
possible between Bethe's theory as applied to a linearly polar-
jized plane wave and the _abo.ve measurements, even though Bethe's 
theory applies to much smaller holes. 
Plane· Wave Incident Normall to Screen. In order to make a com-
parison with Andrew.so! , data, it would be _necessary to calculate 
the intensity of the diffracted field for normally incident 
radiation. However, difficulties are encountered in formulating ! 
an expression for this case. A different expression is found 
depending on whether the H-vector o~ the incident radiation is 
along the Y-axis or along the Z-:-axi~. It is to be remembered 
that in the case in which E1 was parallel to the plane of inci-
dence Hi was _par,allel to the Z-axis. Therefore, the results 
this case will give the intensity for the limiting ease when 
~: 0 and when Hi is along the -z-axis, that is 
l6cu a6 2 [ - - 2r.. 2 2a ~ I - 11 2 4Ei 4( cos v sin '(3 + cos 1- ) 36 ~ r 
for I 
(79) 
I 
-I 
-25 .. 
On the other hand, in the case when Ei was perpendicular to the 
plane of incidence, Hitan was .along theY-axis and, hence, the 
results for this case will give the intensity for the limiting 
case when --8- = 0 and when Hi is along the Y-axis, that is 
I 16crr a 6 4E2 [~< . 20 c~~2g + sin21-? >] 
= 36 .>tit r2 i cos ,- r . (80) 
Of course, it is possible to de~ive expressions for the l 
diffracted field when Ei is parallel to the plane of incidence I 
and Hi is along the Y-axis and, similarly, when Ei is perpendicuj 
lar to the plane of incidence and Hitan is along the z -axis. 
1 
But, in order to do so, the plane of incidence must be taken as 
the XZ-plane and n x Ki will be directed along the Y-axis, so 
that the new ~ 1 will be related to .f3 . by (3 = goo - (3'. For 
any given orientation of Hi, the diffracted field is then given 
by the same expression fo~ ~= 0 regardless of whether we use 
the expression for the case Ei parallel or perpendicular to the j 
plane of incidence. 
It seems peculiar, though, that the diffracted field 
for normal incidence should depend on the orientation of the 
Y- and Z-axes, as one may be transformed into the other merely 
by a rotation of the coordinate system. As n x Ki • 0 but is 
indeterminate in direction for J- = 0, the radiation f'or normal 
incidence ought to be independent of ~ • This could be accom-
plished by adding the expressions (79) and (80} and dividing by 
2; that is 
I : 16c ii a 4E2 2 ( l . 2 g ) 6 [ . ] 36 .:\"' r2 i + cos (81) 
II 
'I 
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1! ~hich would 
I 
imply circular fringes. In that case 
I - 16c iT a6 4E2 (2cos2 8 ) 
1 - 36 ). 't r2 i 
I 16c iT a6 8-2 I2 : 36 A 't r2 .J:!;i 
' In order to check Andrew~ '· ·' data qualitatively, the 
results for the case ~= 30° were used to prepare plots similar 
to those by Andrews(l) and reproduced in Fig. 17. Here I is the 
intensity of the diffracted field along a line parallel to the 
plane of the aperture; I 0 is the intensity of the incident 
radiation; d/~ is the distance along the line from the point 
I opposite to the center of the aperture; f is the distance from 
J the plane of the aperture. It did not seem significant to 
I evaluate the field in vertical and horizontal planes; therefore, 
I I1/Io and I2/Io were plotted against d/A for x = 0.5 ~ and 1 
x • 1.0 A as shown in Fig. 18. 
1 Discussion. The results for the cases when Ei is either parallel 
II ·or perpendicular to the plane of incidence show that the dif- I 
I fracted radiation is linearly polarized in a plane perpendicular ~ 
I to the direction of propagation. The orientation of the field 
!
vector E is fixed by the components I 1 and I2· 
In the case of Ei parallel to the plane of incidence, I . 
I for any given e' the total radiation, Il and I2 are synnnetrical 
j' with respect to the XY-plane as seen from Fig. 8; I 1 is also 
II symmetrical with respect to the XZ-piane. For any given e, the l 
intensity will be either a maximum or minimum when ai/a~ = 0. I 
(1) Andrews, ibid., Fig. 
I 
I ~ 
,, 
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' 
I 
1
rf the corresponding value of p is denoted by Po, we find from 
Jequation (72) 
cos [3 0 = sin J-/2sin () (82) 
!I 
·(For e = 30°, ~0 : 60°,320°. As d2I/'J~2 is positive for (30 = I 60° 
'I il jthis is a minimnm as can also be verified from Fig. 8. As 8 
increases or decreases, ~0 increases or decreases, respectively. ~ ~ , . I 
!rt is also to be remembered that the values of I1 and r 2 vary I 
inversely with the square of the distance r. Therefore, the 
fringes are certainly not circular. A plot of ~ versus d/'A for 
I/I0 = Constant = C constitutes a line of constant intensity 
where ~/A = 
r/).. 
-
-
I/I0 
2a : n.\ 
r/'A 
·- x/_"A 
cos e 
n6rr2 
=~ 
sine 
r = m A 
(83) I 
(84) 1 
(85) 1 
(86) 
IThe values of n and m are limited by the fact that according to J 
(54) and (35) Betbe.! s theory applies to small holes when ka<< 1 
and according to (52) the theory applies at large distances from 
the hole when kr >> 1. In order to derive the equation of an 
isophote at a certain distance from the screen, it should be 
possible to substitute (83) and (86) into (72) and to solve the 
resulting expression ford/A simultaneously with (84). That is • 
C a ~6:; [ 4(1 -~2 sin2(l J.t (d~ )2 sin~-4~siniTcosf] 
~sin.crcosf:t ~vsin2(3[4( .4- ~)~4sin2~ + ~ sin2.J.- 1 (87) 
9Cm2 
:6-2 4 -
II 
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! Figures 5 and 6 show that the total radiation and I 2 are sym-
1 metrical only with respect to the plane of the screen and are I . 
jmuch larger in that half of a 
I 
given azimuth plane which corre• 
sponds to the direction oppo~ite to the direction of the inci-
dent wave. Moreover, there is an equal amount of radiation 
I 
I 
I 
I 
on both sides of the screen which is contrary to Huygens~ prin-
1
1 
ciple that there is no back wave. I1 is symmetrical in both 
'I 
sides of an azimuth plane and reduces to zero for e = goo. Tb.at j 
1 is, far from the axis of t~e aperture, the field is perpendicu-
lar to the screen. Figures g and 7 show that the peaks of the 
percentage polarization become more pronounced as e increases 
and with increasing inclination of the azimuth plane towards 
the X:Z-plane. 
In the case of Ei ~erpendicular to the plane of inci-
dence, Figures 10 and 11 show that the total radiation, I1, I 2 , 
and the unpolarized radiation are synnnetrical .in each half of 
an azimuth plane and with respect to the plane of the screen. 
l it is to be noted that the total radiation for 8: 0° is less 
here than for the previous case. Fig. 12 shows that the peaks 
of the percentage polarization become shallower with increasing 
inclination of the azimuth plane toward the XZ-plane. I 2 is 
constant in a given azimuth plane and I1 reduces again to zero 
for 8 : goo. As in the first case, there is an equal amount of 
1 
diffracted radiation on both sides of the screen. The value of 
I 0 which corresponds to a minimum or maximum intensity is found 
'I II by means of (78) to be given by 
I 
I 
I 
,j 
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I 
sin 2 ~0 ::: 0 (88) I 
From the value of J2I/cp2 for ~0 and by inspection of Fig. 13 
I lit will be seen _that ~0 = 0°, 180° correspond to minima, and 
~0 : 90°,270° correspond to maxima. That is, the minima occur J 
in the XY-plane and the maxima in the XZ-plane. Again the lines 
l or constant intensity will not be circular and are given by 
m2(4cos2,9-- 9Cm2) I (d/~)2 • ~ (89) ' 
4 cos2~cos2~ 
in conjunction with (84). 
For the two cases considered, i1 + _i 2 is independent of 
2a/A, the ratio of the diameter of the aperture to the wavelengt~ ; 
therefore, it appears from equation (85) that I/I0 will not 
exhibit any alternations of maxima and minima along the axis of 
the aperture such as are shown in Fig. 17. Instead, there will 
only be a gradual diminishing of the intensity along the axis 
which is illustrated in Fig. 18. 
An inspection of tables I-A and II-A and Figures 5, 6, 
10, 11, and 18 shows that there will not be any maxima and 
minima along a given line, 'either, such as appear in Fig. 17 
close to the aperture. 
As a matter of fact, the equations (72) and {78) cannot 
be used to evaluate the field in or near the aperture. 
the hole, the tangential component of E and the normal 
Inside 'I 
I 
component ' 
of H will not be zero by any means but are determined by ?J* 
1 and K*~l). The discontinuity of HN is measured by 4Tr"7*/JA-, so 
1 ~~--------------------
I 
I 
'I 
I 
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I 
! that at a point just to the right of the hole 
1 2 Ho ·r' I 
I 
H2 ( r ) : 2 11 '1) ~r I fL : - - 1 
x 1r (a.2-rr2)2 (90) 
by means of (46). The tangential component of E suffers a dis-
. 2iT ( ) continuity c n x K*, or by means of 51 
2iktA-- 2 1.. · 1 r' E = (a. 2 -r ' ) 2 n 'X Ho + - i- E 2ta.n TT c 1f (a 2 -r , 2 ) 2 ox (91} 
where r'•n = 0 inside the hole. If H0 and E0 x are of the same 
order of magnitude, the firs-t ' term can be neglected with 
respect to the s.ec:ond and E2tan is seen to be directed outward 
from the hole. H2tan and E2x are constant in the hole by (10), 
while H2x and E2tan depend only on r'; therefore, although the 
intensity varies rapidly, there will be no maxima and minima 
inside the hole such as were observed by Andrews. 
A comparison of Figures 18 and 17 shows that for small 
holes the radiation falls off much more rapidly on both sides 'I 
of the axis of the aperture. Most striking is the difference in I 
intensity which for small holes is of the order of 10-3 times 
he intensity for larger holes as used by Andrews. Bethe points 
out that while according to Kirchhoff's theory, equation (20), 
the intensity varies according to k2a 4H0 , in his theory the in-
ensity varies according to k4a6 H0 • For a diameter of .25 .A, 
ethe's radiation is about 0.6 times the radiation according to 
irchhoff. As Kirchhoff's theory applies so well in the optical 1 
I egion when the aperture is much larger than the wavelength, the '1 
I 
'I uestion ~rises whether the units of the ordinates in Fig. 17 
are absolute or only relative. 
I 
,, 
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The larger the wavelength ror a given aperture or t h e I 
smaller the aperture with respect to the wavelength, the more 
strongly will the radiation be concentrated toward the axis. 
This concentration is more pronounced here than it would be in 
(1} 
the optical region and is illustrated in Table III. The value~ 
in the table were found from a plot of d/>. versus I/I0 based i! 
on Tables I-A and I I -A and equations (83) and (85). 
Table III Concentration of Radia.tion toward the Axis 
with De-creasing Ratio1 of the Diameter of 
the Ape:rture to ). . • xh-. == 2.0 
(a) Ei parallel to plane of incidence 
(b) Ei perpendicular to plane of incidence 
n 
.25 .15 
I/I0 d/~ d/>. 
30°' 330° 6.3 .6 (a) .00001 
2:10°,150° 10.7 1.4 
300, 330° 4.2 .2 (b} .000009 
210°, 150° 4.2 .2 
I 
I 
'I 
:I 
The table shows that the isophotes for case (a) are ovals which I 
become more elongated with decreasing n. 
II < 
1
' 
Jenkins, F.A. & White, H.E.; ~ndamentals of Physical 
Optics", Cb.a.pters 6.7,and 8; Gra y & Mathews, ibi d. 
"J:C) 
60 
75 
evVVVJ. "J:ev"J:~ - f v "J:etl"J:~t) --~~ evtlV .L eVVVV:i:; 
.25000 4.6875 4.9375 -89.876 .50000 
.066988 4.90625 4.9732. -97~308 .133976 
========~========~~~~~~o~~~~~o ~L~~Qo~~-====~~~- Q~~======= 
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Table I-A. Intehsi ty and Percentag e Polarization v·s. G in a 
Giveri Aziriru.th Plane. .ru., Parallel _ to Plane of 
Incidence. ~ = 30°. 
- (3_ e i1 i2 i14- i2 P, in% ( i1 +i2)( 1-P >tl 
S0 ~35S0 oo .030385 3.9695 3.9999 - -98.480 .060770 
15 .028349 3.4706 3.4989 .;.;-98.3825 .056698 
30 .022'789 3.0358 - 3.0586 -98.510 .045578 
45 .015193 2 .• 6857 2.'7009 -98.876 .030386 
60 .0075963 2.4316 2.4392 -99.375 .0151926 
75 .0020355 2.2782 2..2802 -99.825 .0040710 
90 .0000000 2.2271 2.2271 -100.00 .0000000 
li l85° ,175° 15° .028349 4.5019 4.5302; -98.750 .056698 
30 .022789 5.0282 5.0510 -99.0975 .045578 
I 45 • 015193 5.5033 . 5.5185 -99.450 .030386 
60 .0075963 5.8824 5.8900 -99.740 .0151926 
75 .002.0355 6.1272 6.1292 -99.935 .0040710 
90 .0000000 6.2119 6.2119 -100.00 .0000000 
15°,345-0 oo .26796 3.732;0 4.0000 -86.600 .53592 
15 .25000 3.2487 3.4987 -85.710 .50000 
30 .20096 2.8286 3.0296 -86.732 .40192 
45 .13398 2.4910 2.6250 -89.790 .26796 
60 .066988 2.2465 2.3135 -94.208 .133976 
75 .017950 2.0992 2.11715 -98.304 .035900 
90 .000000 2.0502 2.0502 -100.00 .000000 
195°,1650 15° .25000 4.2487 4.4987 -88.886 .50000 
30 .20096 4.7604 4.9614 -91.896 .40192 
45 .13·398 ·5.2230 5.3570 -94.9975 .26796 
60 .066988 5~592fi 5.6595 -97 .632~ .133976 
75 .017950 5.8312 5.8492 -99.385 .035900 
90 .000000 5.9138 5.9138 -100.00 .000000 
30°,330° oo 1.0000 3.0000 4.0000 -50.000 2 .• 0000 
15 .93300 2.5684 3.5014 -46.707 1.86600 
30 .75000 2.1965 2.9465 -49.093 1.50000 
45 .50001 1.9002 2.4002 -58.336 1.00002 
60 .25000 1.6875 1.9375 -74.194 .50000 
75 .066988 1.5602 1.6272 -91•766 .133976 
I 
90 .000000 1.5180 1.5180 -100.00 .000000 
210°,150° 15° .93300 3.4650 4.3980 -57.570 1.86600 
30 .75000 3.9285 4.6785 -67.939 1.50000 
45 .50001 4.34975 4.8498 -79.380 1.00002 
60 .25000 4.6875· 4.9375 -89.876 .50000 
75 .066988 4.90625 4.9732 -97~308 .133976 
O_O.QOQ _ _ -4_~4-.-9.320--- -00~.-0 - - flQOO. 
II II 
II 
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Intensity and Percentage Polarization vs. 6 in a Table I-A. 
Given Azimuth Plane. !L Parallel to Plane of 
Incidence. 17 = 30°. 
~ e il ~~ il +i2 P, in % (ilti2 )(1-P) 
. . 
0 0 00 2.0000 2:.0000 4.0000 o.ooo .· . 4 ·~0000 45 ,315 I 15 1.8661 1.6506 3.5167 ... 6.128 3.3012 I 30 1.5000 1.3554 2 • .8554 t 5.064 2.7108 
I 45 1.0000 1.1250 2.1250 - 5.882 2.0000 
I 60 .50001 .9627 1.4627 - 31.63 1.00002 
I 75 .13398 .8672 1.0012 ..;. 73.23 .26796 
90 .00000 .8358 .8358 -100.00 .00000 
225°,135° 15° 1.8661 2.3827 4.2488 - 12:.159 3.7322 
30 1.5000 2~7696 4.2696 - 29.735 3.0000 
45 1.0000 3~1250 4~1250 - 51.516 2.0000 
60 .50001 3~4122 3.9122 ..;. 74.438 1.00002 
75 .13398 3.5992 3.7332 - 92:.822 .26796 
90 .00000 3.6642 3.6642 -100.00 .00000 
60°,3000 oo 3.0000 1.0000 4.0000 ;- 50.00 2.0000 
15 2.7990 .7580 3~55701 + 57.386 1.5160 
30 2.2500 .5625 2.8125 + 60.000 1.1250 
45 1.5ooo · . • 4179 1.9179 +· 56.421 .8358 
60 .75000 .3215 1.0715 + 39.991 .6430 
I 75 .20096 .2674 .4684 ~ 14.18 .40192 
I 90 .00000 .2500 .2500 -100.00 .00000 
I 
1240°,1200 15° 2.7990 1.2756 4.0746 + 37.387 2.5512 
30 2.2500 1.5625 3.8125 + 18.0325 3.1250 
45 1.5000 1.8321 3.3321 
-
9.967 3.0000 
60 .75000 2.0535 2.8035 - 46.496 1.50000 
75 .20096 2.1992 2.4002 
- 83.252 .40192 
90 .00000 2.2500 2.2500 -100.00 .00000 
75°,285° oo 3.7320 .26796 4.0000 + 86.600 .53592 
15 3.4819 .15073 3.6326 + 91.702 .30146 
30 2.7990 .07164 2.8706 + 95.012: .14328 
45 1.8660 ' .02693 1.8929 + 97.1475 .05386 
60 .93300 .00717 .94017 ... 98.476 .01434 
75 .25000 .00121 .2512;1 ... 99.035 .00242 
90 .00000 .00032 .00032 -100.00 .00064 
255°,105° 15° 3.4819 • '41869 3. 9006 ... 78.532 .83738 
30 2.7990 .58928 3.3883 + 65.216 1.17856 
45 1.8660 .75899 2.6250 + 42.172 1.51798 
60 .93300 ~90375 1~8368 + . 1~5924 1.80750 
75 .25000 1.00121 1.2512 ..;. 60~044 .50000 
90 .00000 1.0:3560 1.0356 -100.00 .00000 
I 
ll 
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Table I-A. Intensity and Percentage Polarization vs. 6 in a 
Given Azimuth Plane. ~ Parallel to Plane of 
Inci dence. --& = 30°. 
~ e i l i2 il +i2 P, in % ( i1 ti2 )( 1-P )j 
90°,270° 00 4.0000 • • 00000 4.0000 +100.00 .00000 
15 3.7320 .Ol674!l ... 3.7487 • 99.110 .033494 
30 3.0000 .062500 3.0625 + 95.916 .125000 
45 2.0000 .12500 2.1250 +- 88.234 .25000 
60 1.0000 .18750 1. ·1875 + 68.421 .37500 
75 .26796 .23325 .50121 +- ' 6.9251 .46650 
li 90 .00000 .25000 .25000 -100.00 .00000 
I Table I-B. Intensity and Percentage Polarization vs. (3 for 
Const·ant e • ~ Parallel to Plane of Incidence. 
~ = 30°. 
e p il i2 i1 +-i2 P, in % I . (i1+i2)(l-P) 
00 ' oo .00000 4.0000: 4.0000 -100.00 .00000 
I' 50,355° .030385 .3.9695 4.0000 - 98.480 .060770 15° , 345° .26796 3.7320 4.0000 - 86.600 .53592 I 
30° ,330° 1.0000 3.0000 4.0000 - 50.000 2.0000 I 45°,315° 2.0000 2.0000 4.0000 o.ooo 4.0000 
60°,300° 3.0000 1.0000 4.0000 + 50.000 2.0000 
II 75°,285° 3.7320 .26796 4.0000 t 86.600 .53592 90° 270° 4.0000 .00000 4.0000 +-100.00 ' .00000 
' II 105°,255° 3.7320 .26796 4.0000 + 86.600 .53592 
120°,240° 3.0000 1.0000 4.0000 ... 50.000 2.0000 
1350,225° 2.0000 2.0000 4.0000 o.ooo 4.0000 I 150°,210° 1.0000 3~0000 4.0000 - 50.000 2. ~oooo 
165°,195° .26796 3.7320 4.0000 - 86.600 .53592 
175° ' 185° .030385 3.9695 4.0000 - 98.480 .060770 , 
180° .00000 4.0000 4.0000 -100.00 .00000 
15° ' oo .ooooo · 3.4991 3.4991 -100.00 ' .00000 
I 5°,355° .028349 3.4706 3.4989 - 98.3825 .056698 
II 
15°,345° .25000 3.2487 3.4987 - 85.710 .50000 
30°,330° .93300 2.·5684 3~5014 - 46.707 1.86600 
45° 315° 1 .8661 1.6506 3.5167 t ' 6.128 3.3012 
' I 600 3000 2.7990 .7580 3.5570 t 57.380 1.5160 ,
I 
75° 285° 3.4819 .1507>3 3.6326 i-'.791 . 702; .30146 
90°;270° 3.7320 .016747 3.7487 + 8~.110 .033494 
I 105°,255° 3.4819 .41869 3.9006 ... 78.532 .83738 120° · 240° 2.7990 1.2756 4.0746 + 37.387 2.5512 , 
135° 225° 1.8661 ' 2.3827 4.2488 - ·12•159 3.7322 O' 150 210° .93300 3.4650 4~3980 - 57.570 1.86600 
165°:195° .25000 4.2487 4.4987 - 88.886 .50000 175°,~85b .028349 4.5019 4.5302 - 98.750 .056698 
180 .00000 4.5344 4.5344 -100.00 .00000 
I 
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I Table I-B. Intensity and Percentage Polarization vs. p for 
I Constant 6 • ,!1 Parallel to Plane of Incidence. 
'l.9- = 30°. - -
I e ~ i1 i2 i1+ 12 P, in % (11+12)(1-P} 
~ 30° oo .ooooo 3.0625 3.0625 -100.00 .00000 I 50~3550 .022789 3.0358 3.0586 - 98.510 .045578 
15°,345° .20096 2.8286 . 3.0296 - 86.732 .40192 
300_,330° .75000 . 2.1965 2.9465 - 49.093 1.50000 
45°,315° 1.5000 1.3554 2.8554 + 5.064 2.7108 
60°,300° 2.2500 .5625 2.8125 + 60.000 1.1250 
75°,285° 2.7990 .0'7164 2.8706 + 95.012 .1432B 
90°,270° 3.0000 •062500 3.0625 + 95.916 .125000 
1050_,2550 2.7990 .58928 3.3883 ... 65.216 1.17856 
120°,240° 2.2500 1.5625 3.8125 + 18.0325 3.1250 
135°,225° 1.5000 2.7696 4.2696 - 29.735 3.0000 
150°,210° .75000 3.9285 4.6785 - 67.939 1.50000 
1650,195° .20096 ' ·4.7604 4.9614 - 91.896 .40192 
175°,185° • 022789 5.0282 . 5.0510 - 99.0975 .045578 
180° .oooooo 5.0625 5.0625 -100.00 .000000 
j 45° oo .ooooo 2.7108 2.7108 -100.00 .00000 
I 
5°,355° .015193 .2.6857 2.7009 - 98.876 .030386 
15°,345° .13398 2.4910 2.6250 - 89.790 .26796 
30° 330° .50001 1.9002 2.4002 - 58.336 1.00002 
45°;315° 1.0000 1.1250 2.1250 
-
. 5.882 2.0000 
60°,300° 1.5000 .4179 1.9179 t 56.421 .8358 
75°,285° 1.8660 .02693 1.8929 +- 97.1475 .05386 
90°,270° 2.0000 .12500 2.1250 + 88.234 .25000 
105°,255° 1.8660 ~75899 2.6250 + 42.172 1.51798 
120° ,240° " 1.5000 1.8321 3.3321 
-
. 9.967 3.0000 
135°,225° 1.0000 3.1250 4.1250 - 51.516 2.0000 
150°,210° .50001 4.34975 4.8498 ~ 79.380 1.00002 
165°,195° .13398 5.2230 5.357"0 - 94.9975 .26796 
175°;185° .015193 5.5033 5.5185 - 99.450 .030386 
180° .000000 5.5392 5.5392 -100.00 .000000 I 
11 600 
oo I 
.00000 2.4555 2.4555 -100.00 
.ooooo I 
5°,355° .0075963 2.431·6 2.4392 - 99.375 .0151926 
15°,345° .066988 2.2465 2.3135 - 94.208 .133976 
30°,330° .25000 1.6875 1.9375 - 74.194 .50000 
45°,315° .50001 .9627 1.4627 - 31.63 1.00002 
60°,300° .75000 .3215 1.0715 + 39.991 .6430 ' 
75° 285° .93300 .00717 .94017 + 98.476 .01434 , 
90°,270° 1.0000 .18750 1.1875 ;- 68.421 .37500 
105°,255° .93300 .90375 1.8368 + 1.5924 1.80750 
120° 240° .75000 2.0535 2.8035 - 46.496 1.50000 
135°;225° .50001 3.4122 3.9122 - 74.438 1.00002 
150°,210° .25000 4•6875 4.9375 - 89.876 .50000 
165°,195° .066988 5.5925 5.6595 - 97.632 .133976 175°~185° .0075963 5.8824 5.8900 - 99.740 .0151926 
180° .0000000 5.9195 5.9195 -100.00 .0000000 
1; Table I-B. Intensity and Percentage Polarization vs. ~ for Constant 6 • E~ Parallel to Plane of Incidence. 
_Q_ 0 ..... - -
'"IT= 30 • 
oo 
5°,355° 
15°,345° 
30°,330° 
450,315° 
600,300° 
75°,2850 
90°,2700 
105°,255° 
120°,240° 
135°,225° 
150°,210° 
165°,195° 
175°~185° 
180° 
.00000 
.0020355 
.01'7950 
.066988 
.13398 
.20096 
.25000 
.26796 
.25000 
.20096 
.13398 
.066988 
.017950 
.0020355 
.0000000 
.00000 
.00000 
.00000 
.00000 
.ooooo 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
I 
P, in % (il •i2J (1-P )I 
2~3014 2.3014 -1oo.oo .ooooo I 
i1 +i2 
2.2782 2.2802 - 99.825 .0040710 
2.0992 2.117l5 - 98.304 .035900 
1.5602 1.6272 - 91.766 .133976 
.8672 1.0012 - 73.23 .26796 
.2674 .4684 - 14.18 .40192 
.00121 .25121 ... . 99.035 .00242 
.23325 .50121 + 6.925 .46650 
1.00121 1.2512 - 60.044 .50000 
2~1992 2.4002 - 83.252 .40192 
3.5992 3~7332 - 92.822 .26796 
4.90625 4.9732 - 97.308 .133976 I 
s.s312 5.8492 ~ . 99.385 .o359oo I 
6.1272 e .1292 - 99.935 • oo4071o I 
6.1650 6.1650 -100.00 .0000000 II' 
.o~o~o I 2.2500 2.2500 
2.2271 2.2271 
2.0502 2.0502 
1.5180 1.5180 
.8358 .8358 
.2500 .2500 
.00032 .00032 
.25000 . • 25000 
1.03560 1.03560 
2.2500 2.2·500 
3.6642 3.6642 
4.9820 4.9820 
5.9138 5.9138 
6.2'119 6.2119 
6.2500 6. 2.500 
-100.00 
-100.00 
-100.00 
-100.00 
-100.00 
-100.00 
-100.00 
-100.00 
-100.00 
-100.00 
-100.00 
-100.00 
-100.00 
-100.00 
-100.00 
.ooooo I 
.00000 
.ooooo II 
.00000 
.00000 II 
.ooooo ' 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
.00000 
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I Table II-A. Intensity and Percentage Polarization vs. e in a 
Given Azimuth Plane. ·~ Perpendicular to Plane 
of Incidence. "'!r • 30 • 
(3 e il 12 il +12 p 
' 
in % ( i1-ti2 )( 1-P) 
I 
II 5°,185° 00 2.9771 .0229 3.0000 ~ 98.474 .0458 li 
. & 15 2.7777 .0229 2.8006 ... 98.365 .0458 I II 355°,175° 30 2.2328 .0229 2.2557 + 97.970 .0458 I 45 1.4885 .0229 1.5114 ... 96.968 .0458 
!i 60 .7443 .0229 .7672 + 94.03 .0458 75 .1994 .0229 .2223 + 79.40 .0458 
I 
85 .0226 .0229 .0455 .66 .0452 
88 .0035 .0229 .0264 - 73.485 .0070 
90 .oooo .0229 .0229 -100.0 .0000 
I 15°,195° oo 2:.7990 .2010 3.0000 ... 86.600 .4020 & 15 2.6115 . .2010 2.8125 + 85.706 .4020 
345°,165° 30 2.0992:. .2010 2.3002 + 82.522 .4020 
45 1.3995 .2010 1.6005 ~ 74.882 .4020 
60 .6998 .2010 .9008 + 55.37 .4020 
75 .1875 .2010 .3885 
-
3.475 .3750 I 
85 .0213 .2010 .2223 - 80.84 .0426 . i 
90 .0000 .2010 .2010 -100.0 .oooo 
30°,210° oo 2.2:500 .7500 3.0000 + 50.000 1.5000 
& 15 2.0993 .7500 2.8493 ... 47.357 1.5000 
330°,150° 30 1.6875 .7500 2.4375 + 38.46 1.5000 
45 1.125 .7500 1.875• + 20.0 1.5000 I I 60 .5625 .7500 1.3125 
- 14.29 1.1250 I 75 .1508 .7500 .9008 - 66.52 .3016 
85 .0172 .7500 .7672 - 95.52 .0344 I 
90 .0000 .7500 .7500 -100.00 .oooo 
/' 
I 45°,225° 00 1.5000 1.5000 3.0000 .000 3.0000 II 
& 15 1.3995 1.5000 2.8995 
-
3.466 2.7990 
135°,315° 30 1.1250 1.5000 2.6250 - 14.29 2.2500 
45 .7500 1.5000 2.2500 - 33.33 1.5000 
60 .3750 1.5000 1.8750 - 60.00 .7500 
75 .1005 1.5000 1.6005 - 87.442 .2010 
85 .0114 1.5000 1.5114 - 98.490 .0228 
90 .0000 1.5000 1.5000 -100.00 .oooo 
I 60°,240° 
oo 
.75000 2.2500 3.0000 - 50.000 1.50000 
& . 15 .69976 2.2500 2.9498 - 52.553 1.39952 
1120°,300° 30 .56250 2.2500 2.8125 - 59.999 1.12500 
45 .37499 2.2500 2.6250 - 71.428 .74998 
60 .18750 2.2500 2.4375 - 84.618 .37500 
75 .05025 2.2500 2.3·002 - 95.634 .10050 
85 .00572 2.2500 2.2557 - 99.495 .01144 
90_: 
.00000 2.2500 2.2500 -100.00 .0000 
Table II-A. Intensity and Percentage Polarization vs. e in a 
Given Azimuth Plane. · ofu_ Perpendicular to Plane 
of Incidence. '\9- : 30 • 
1
Table II-B. 
e 
-
e 
oo 
15 
30 
45 
60 
75 
85 
90 
oo 
15 
30 
45 
60 
75 
85 
90 
i1 
.20096 
.18'750 
.15072 
.10048 
.05024 
.01346 
.0015.3 
.00000 
.00000 
.00000 
.00000 
.ooooo 
.ooooo 
.00000 
.00000 
.00000 
i2 i1+i2 
2.7990 3 .• 0000 
2.7990 2.9865 
2.7990 . 2.9497 
2.7990 2.8995 
2.7990 2.8492 
2.7990 2.8125 
2.7990 2.8005 
2.7990 2.7990 
3.0000 
3.0000 
3.0000 
3.0000 
3.0000 
3.0000 
3.0000 
3.0000 
3.0000 
3.0000 
3.0000 
3.0000 
3.0000 
3.0000 
3.0000 
3.0000 
P, in % 
-86.600 
-87.444 
-89.782 
-93.068 
-96.476 
-99.0375 
-99~892 
-100.00 
-100.00 
-100.00 
-100.00 
-100.00 
-100.00 
-100.00 
-100.00 
-100.00 
(11+12}(1-P) 
.40192 
.37500 
.30144 
.20096 
.10048 
.02692 
.00306 
.0000 
.0000 
.oooo 
.0000 
.oooo 
.0000 
.0000 
.oooo 
.0000 
Intensity and Percentage Polarization vs. ~ 
Constant fJ • ~ · Perpendicular to Plane of 
Incidence. ~ : 30°. -- --
i 
.1. 
3,.0000 
2.9771 
2.7990 
2.2500 
1.5000 
.75000 
.20096 
.00000 
2.7990 
2.7777 
2.6115 
2.0993 
1.3995 
• 69976 
.18750 
.00000 
i2 
.oooo 
.0229 
.2010 
.7500 
1.5000 
2.2500 
2.7990 
3.0000 
.oooo 
.0229 
.2010 
.7500 
1.5000 
2.2500 
2.7990 
3.0000 
il+~ 
3.0000 
3.0000 
3.0000 
3.0000 
3.0000 
3.0000 
3.0000 
3.0000 
2.7990 
2.8006 
2.8125 
2.8493 
2.8995 
2.9498 
2.9865 
3.0000 
P, in% 
+100.00 
+ 98.474 
+ 86.600 
+ 50.000 
. • 000 
- 50.000 
- 86.600 
-100.00 
+100.00 
+ 98.365 
+ 85.706 
+ 47.357 
- . 3.466 
- 52.553 
- 87.444 
-100.00 
.0000 
.0458 
.4020 
1.5000 
2.7990 
1.39952 
.37500 
.0000 
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Table II-B. Intensity and Percentage Polarization vs. {3 for 
Constant 6 • !i Perpendicular to Plane of 
11 Incidence. 4- = 30°. - -
in % l e (3 il i2 11 +i2 - P, < 11 ... 12 )( 1-P >I 
- -
30° oo 2.2500 .0000 2.2500 +1oo.oo · .0000 
5°,355° 2.2328 .0229 2.2557 + 97.970 .0458 
15°,345° 2.0992 .2010 2.3002 + 82.522 .4020 
I 30°,330° 1.6875 .7500 2.4375 + 38.46 1.5000 
45°,315° 1.-1250 " 1.5000 2.6250 - 14.29 " 2.2500 
II 
60° 300° .56250 2.2500 2.8125 - 59.999 1.12500 
' 75°,285° .15072 2.7990 2.9497 - 89.782 .30144 
90°,270° .00000 3.0000 3.0000 -100.00 .0000 
45° oo 1~5000 .0000 1.5000 +100.00 .0000 
5°,355° 1.4885 .0229 1.5114 + 96.968 .0458 
15°,345° 1.3995 .2010 1.6005 1' 74.882 .4020 
30°,330° 1.125 .7500 1.875 " + 20.0 1.5000 
45°,315° .7500 1.5000 2.2500 - 33.33 1.5000 
60° 300° .37499 2.2500 2.6250 - 71.428 .74998 
75°;285° .10048 2.7990 2.8995 - 93.068 .20096 
90°,270° .00000 3.0000 3.0000 -100.00 .0000 
60° oo .7500 .0000 .7500 ;-100.00 .0000 
5°,355° .7443 .0229 .7672 + 94.03 .0458 
15°,345° .6998 .2010 .9008 + 55.37 .4020 
30°,330° .5625 .7500 1.3125 - 14.29 1.1250 
45°,315° .3750 1.5000 1.8750 - 60.00 .7500 
60°,300° .18750 2.2500 2.4375 - 84.618 .37500 
75°,285° .05024 2.7990 2.8492 - 96.476 .10048 
goo 270° .00000 3.0000 3.0000 -100.00 .00000 
' 
75° 00 .2010 .0000 .2010 +100.00 .oooo 
5°,355° .1gg4 .0229 .2223 + 7g.4o .0458 
15°,345° .1875 .2010 .3885 
-
3.475 .3750 
30°,330° .1508 .7500 .goo8 - 66.52 .3016 
45°,315° .1005 1.5000 1.6005 - ·· 87 ~ 442 .2010 
60°,300° .05025 2.2500 2.3002 - 95.634 .10050 
75°,285° .01346 2.7990 2.8125 - gg.0375 .02692 
goo ,270° .00000 3.0000 3.0000 -100.00 .0000 
85° oo - .022g .0000 .022g +100.00 .oooo 
5°,355° .0226 .0229 .0455 - .66 .0452 
15° 345° .0213 .2010 .2223 - 80.84 .0426 , -
30°,330° .0172 .7500 .7672 - g5.52 .0344 
45° - 315° .01'14 1.5000 1.5114 - 98.4go .0228 
60°;3oo6 .00572 2.2500 2.2557 - 99.495 .01144 
75°,285° .00153 2.7990 2.8005 - 99.892 .00306 
90° 270° .00000 3.0000 3.0000 -100.00 .0000 
' 
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Intensity and Percentage Polarization vs. (3 for II-B. 
Constant 9 • ~ Perpendicular to Plane of 
Incidence. ~ = 300. · 
(3 il i2 _ il +i2 P, in % (i1 -ti2 )(1-P) 1 
oo 
.0000 .oooo .oooo I 5°,355° .0000 .0229 .0229 -100.00 .0000 
15°,345° .0000 .2010 .2010 -100.00 .0000 I 30° 3300 .0000 .7500 .7500 -100.00 .0000 , . I 45°,315° .0000 1.5000 1.5000 -100.00 .0000 60°,300° .0000 2.2500 2.2500 -100.00 .0000 
75°,285° .0000 2.7990 2.7990 -100.00 .0000 
90°,270° .0000 3.0000 3.0000 -100.00 .oooo 
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ABSTRACT 
Diffraction phenomena have been studied usually for the 
case when the aperture and other distances involved are large 
. . 
!!with 
!;have 
respect to the wavelength. These treatments frequently 
been based on Kirchhoff'' s formulation of Huygen.s, principle 
l in which no attempt is made to satisfy Maxwell's equations or 
Ito satisfy the boundary conditi~~s for the field vectors at the 
ledge of the aperture. A rigorous treatment of the diffraction 
I
I due to a circular aperture in . an infinite conducting screen is 
lnot possible, but Bethe(l) has developed an approximate method 
I 
when the hole is small compared to the wavelength •. 
The screen is made to lie in the YZ-plane, the x-axis 
points to the right, and the radiation is incident from the 
l. lef't. 
Jl 
The boundary conditions are satisfied rigorously at the 
that is I screen, 
Eltan = E2tan 
Eltan = E2tan • 0 
in the hole (1} 
for x = 0 outside the hole ( 2) I 
in the hole (3:) 
It is assumed that E0 , H0 would be the field if there were no 
hole and thus satisfies 
!I in the hole HN and . Etan 
1 field is written as 
the boundary conditions at x : 0. As 
are different from zero, the actual 
I 
E = H = H0 + H1 
H • H2 
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for xc:::: 0 
(4) 
for x > 0 
I 
il 
ji Also, 
II 
I 
if E2 satisfies 
-iii-
(2) and for x> 0 and any y and z 
H1y(-x,y,z) = - H2y(x,y,z) (5) 
E1y(-x,y,z) = E2y(x,y,z) (5a} 
J then 
I 
{1) will be satisfied 
Elx(-x,y,z) 
and 
- E2x(x,y,z) (5b) I = 
I It follows, then, 
I 
that 
H 2tan = ~ Rotan 
E2x 
J. 
= 2 Eox i 
I 
in the 
in the 
hole 
hole 
(6) 
(6a) 
I Hoy,Hoz,Eox are assumed to be constant over the hole whose 
j1 radius a is small with respect to the wavelength. 
I When volume charg~s and curre~ts are neglected, the 
!field vectors at a point of observation (x,y,z) are gi~n in 
Gaussian units in terms of the field vectors in the hole by 
E(r) = ~if ikr[n • H(r• il'f -[n x E(r' ~,,.'~ - [n •E(r' h J da (7) 
H(r) = ilT{{ -ik< [ n" E(r' ~'f -[n x H(r' ~"/'f- fn •H(r' 1~'(} da (B) 
where the integration variables are y 1 ,z 1 , n is directed along 
eikr , the negative X-axis, Cf is the Green function -, VCf denotes 
r 
the gradient with respect to (x, y, z J, and k = 2 iT /).. • 
For a field point on the screen it is seen that only 
the second term in (7) satisfies condition (2). This term can 
be interpreted as due to a magnetic surface current density K* 
II c given by 4rr (n ><E) = K* (9) 
which is related to a magnetic surface charge density~* by the 
., 
I 
-iv- 11 
li continuity relation 
I v • K*· = - ~'t* = ik 1* ( 10) I 
I 
I Instead or assuming that ~iT (n x E) corresponds to a 
!magnetic surface current density, Bethe assumes that there is 
Ia magnetic surface charge density'?* and a surrace current I . 
density K?l- which cause the discontinuities in HN and Et , 
. an 
respectively, and determines them in such a way that (6) is 
satisried. It is round that 
I 
'"1 * = 
7T 2 (a 2 -r ' 2 ) ~ H0 • r' (11) ' 
land K* 1 [ ikr-{a;2-rt2)~ H - c 1 r' x E l 
= rr2 o 2(a2-rt2)2 ~ (12) '1 
I 
The field vectors at a point (~,y,z) are given by 
E(r) = i,, k2a3r.[ (Kx 2Ho) + K" (E0 • K }J (13) 
H(r) = iu k2a3r .. [l(x (2Ho x K)- KxE0 ] {14) 
where eikr 'f., = -r- . The intensity I is then 
I • ~ii(E )(H) • ~Tr E(r )2 (15) 
Bathe's theory has been applied to the case of an in-
cident plane wave (a) when the electric vector is parallel to 
the plane of incidence and (b) when the electric vector is per-
pendicular to the plane of incidence. Detailed calculations 
I have 
'I 
been made in each case. 
II axis 
In ease (a), the radiation is not symmetrical about any 
on the right-hand side .or the screen. In either case the 
,I 
I 
I 
I 
I 
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linea of conatant intensity will not be circular. Contrary to 
1the usual assumptions, there is an equal amount of diffracted 
'!radiation on both sides of the screen. 
11 A description of Andrews~ measurements is given who 
11employed microwaves of 12.8 em length and apertures of dimen-
sions comparable to the wavelength~l)He finds (a) an alternation 
lof maxima and minlina along the axis of the aperture; (b) maxima 
11and minima along a line parallel to the aperture at close dis-
11 . 
ll
tances from the aperture; (c) the diffraction pattern is 
strongest in the plane of the aperture. None of the above 
j:findings are confirmed by Be the's theory which, however, applies 
Ito much smaller holes. 
The total intensity of the radiation according to 
I 11Bethe' s ~heory is smaller than that given by Kirchhoff's theory 
11and about 10-3 times that found by Andrew~, unless the values of 
1I/I0 given in the paper by the latter writer represent relative 
I, 
lrather than absolute values. · 
The larger the wavelength for a given aperture or the 
l1 smaller the aperture with respect to the wavelength, the more 
1l strongly will the radiation be concentrated toward the axis. 
II This concentration is more pronounced here than it would be in 
I 
,, the optical region. 
II 
